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PROBLEM SET 8
Problem 8.1
Solve the free particle, three-dimensional Schrodinger equation using separation of
variables.
Problem 8.2
Show that
1
(x, t) = p
2⇡

Z 1

dk C(k)ei[kx !(k)t] ,

!(k) =

1

h̄k 2
.
2m

satisfies the free particle, one-dimensional Schrodinger equation for any choice of the
complex-valued function C(k).
Problem 8.3
Suppose that the potential energy function is complex-valued. Repeat the steps of the
derivation of (15.22) and show how the continuity equation changes if the imaginary part
of V is non-zero. Show that probability is no longer conserved.

Problem 8.4
Verify the normalization (15.32) for the wave function (15.31).
Problem 8.5
Solve the Schrödinger equation for a particle moving in one dimension in the potential
V = V0 , where V0 is a constant. Compare the probability distributions for position in the
cases V0 = 0 and V0 6= 0.
Problem 8.6
Using the representations (15.1) and (15.2), respectively, rewrite the Schrödinger equation as a pair of real equations for real functions.
Problem 8.7
Consider the general solution (15.10) to the free particle Schrödinger equation. What
must the Fourier components C(k) be to get the plane wave solution (15.9)? Suppose we
set C(k) = 1. What is the wave function at t = 0?
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Problem 8.8
Any complex function
in Fourier form as

(x, t) which is square-integrable in x for each t can be written
Z 1
1
(x, t) = p
dk C(k, t)eikx .
2⇡
1

Substitute this expression into the free particle Schrödinger equation and derive an ordinary
di↵erential equation for C(k, t). Find the general solution of this equation and thus derive
(15.10).
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